ALPHA activity attenuation (blocking) over occipital regions is an electrophysiological index of cortical activation associated with visual attention and waking mental imagery. The present work focused on exploring whether the human REM background alpha activity was modulated, attending to tonic-(without rapid oculomotor activity) and phasic-REM periods (with a prominent burst of REMs). The obtained results revealed that the background alpha activity showed a decreased spectral power over occipital brain regions during phasic-REM in comparison with tonic-REM periods. This result suggests an active visual processing caused by the complex mental imagery generated during periods of oculomotor activity in human REM sleep.
Introduction
Alpha activity recorded with electroencephalography (EEG) is the electrophysiological correlate of a relaxed wakefulness state with eyes closed [1] , in which the processing of external visual inputs is minimal. Such brain activity tends to be blocked over occipital regions when subjects open their eyes and/or attend to visual stimuli [2] . Similar results have been obtained in studies of visual mental imagery with EEG [3] and magnetic measurements [4] . All these data indicate that the visual brain areas are involved in the processing of external and internal visual inputs. Furthermore, those studies agreed that, both in attention and imagery conditions, visual information is controlled voluntarily by the subjects [5] .
Mental imagery appears spontaneously during brain activation states other than wakefulness, such as hypnagogic imagery at sleep onset and dreams during rapid eye movement (REM) sleep stage. An evident limitation to establish electrophysiological correlates of sleep-onset mentation has been the absence of an observable physiological event that triggered the starting point of a hypnagogic dream, or predicted when it was occurring with more vividness. Although it is also impossible to know when a dream is going on during REM sleep, several studies have revealed that simultaneously to the appearance of rapid eye movements (REMs) the subjects' dreams were more active [6, 7] and emotionally more intense [8, 9] . Recently, Hong et al. [10] have also reported a positive correlation between density of REMs and visual imagery in REM sleep, which provides evidence of the relationship between the oculomotor activity and the prominent presence of visual dreams during the phasic periods of human REM sleep.
The present study was designed to explore whether alpha activity showed a speci®c attenuation in occipital brain areas simultaneously to phasic-REM periods (with REMs) in comparison with tonic-REM periods (without REMs). It was assumed that (a) during phasic-REM periods dreams are more vivid [8] and contain more visual imagery than during tonic-REM periods [10] , and (b) visual mental imagery attenuates the alpha activity over occipital regions during wakefulness [3, 4] .
Materials and Methods
Ten healthy subjects (®ve women, ®ve men, aged 19±25, mean 22.9 years) participated in the experiment. Subjects spent two non-consecutive nights at the sleep laboratory (®rst night was used as adaptation). EEG was measured with Ag-AgCl electrodes from 28 scalp locations (Fp1, Fp2, F1, F2, F3, F4, F7, F8, Fz, pF1, pF2, pF3, pF4, pFz, C1, C2, C3, C4, Cz, P3, P4, Pz, T3, T4, T5, T6, O1, and O2) according to the 10-20 system [11] , referenced to linked mastoids. Vertical and horizontal electrooculography (EOG), and submental electromyography (EMG) were also used to sleep staging using the standard criteria [12] . All EEG and EOG channels were ampli®ed with a bandwidth from 0.05 to 40 Hz. EMG was band-pass ®ltered between 5 and 70 Hz. All data were sampled at a rate of 200 Hz with a MEDICID 4 acquisition system (Neuronic). Twenty-®ve artifact-free EEG segments were selected in phasic-REM (with oculomotor activity) and the same number of epochs was chosen in tonic-REM periods (without REMs) for every individual subject. Each one of the phasic-REM epochs was selected at the half of a prominent rapid eye movement burst (. 10 s). Tonic segments were always chosen half-way between two independent bursts of REMs. The ®rst period of REM sleep was always rejected because of frequent changes in arousal levels. Power spectra from all EEG derivations were computed by a fast Fourier transform routine (2.56 s epochs; frequency resolution 0.39 Hz) for phasic and tonic epochs, separately. Absolute power values (ìV 2 ) were only calculated for the alpha band (7.4±12.8 Hz) according to our working hypothesis. A brain mapping technique (linear interpolation method) was used to display the topographic distribution of EEG background alpha activity extracted from phasic and tonic periods of REM sleep (Fig. 1) .
For statistical purposes, a two-way (state 3 brain area) repeated measurement analysis of variance (ANOVA) was carried out to study the alpha spectral power and its topographic distribution (frontal, central, parietal, and occipital) in phasic and tonic REM periods. Alpha power in the different brain areas was calculated collapsing electrodes from each region [13] . If an interaction effect was obtained between both factors in the main ANOVA, two independent one-way (brain area) ANOVAs would be designed to study the alpha topography in phasic and tonic REM periods, in a separated way. A post hoc test (Tukey) will be used if the ANOVA yielded a main effect in the brain area factor. Freedom degrees were adjusted applying the Greenhouse±Geisser correction where appropriate.
Results
Phasic REM sleep EEG segments (with REMs) showed a decreased alpha power in comparison with tonic REM periods (F(1,9) 27.91, p , 0.001). On the other hand, the brain area factor yielded a different absolute power contribution depending on the scalp area (F(3,27) 8.22, p ,0.007, å 0.52). A signi®cant interaction effect (state 3 brain area; F(3,27) 15.00, p , 0.001, å 0.45) suggested a different topography of the alpha activity extracted from the EEG background depending on the presence or absence of oculomotor bursts during human REM sleep. To study this interaction effect, two one-way (brain area) ANOVAs with repeated measurements were made taking into account tonicand phasic-REM periods, separately. The differences between scalp areas reached statistical signi®cance during tonic periods (F(3,27) 17.00, p , 0.0001, å 0.54). Tukey post hoc in tonic ANOVA revealed a topography of alpha activity focalized over occipital regions (F(3,27) 4.10, p , 0.01). This result supports the occipital brain sources of background alpha activity during tonic-REM sleep. However, the topographic distribution of alpha power during periods with a prominent burst of REMs was homogeneous over the brain scalp (F(3,27) 0.02, p , 0.99). Figure 1 shows the topographic distribution of background alpha activity during tonic-and phasic-REM sleep (statistically con®rmed by the two one-way ANOVAs).
A paired t-test was carried out in each brain area (frontal, central, parietal, and occipital) between REM states (tonic versus phasic) to con®rm which cerebral region/s was/were different in relation to the background alpha activity generation. No signi®cant effects were found when comparing frontal ( p , 0.636), central ( p , 0.315) and parietal areas ( p , 0.529) between REM states. The only statistical difference was observed in occipital regions ( p , 0.001) where the background alpha activity showed a clear power attenuation in phasic-REM periods.
Discussion
The present study revealed that the alpha activity extracted from human REM sleep with prominent bursts of rapid eye movements (REMs) showed a FIG. 1. Topographic distribution of background alpha activity during tonic (left) and phasic (right) REM periods. Note the alpha power attenuation over occipital regions in the phasic-REM map. Brain maps were computed taking into account 28 EEG derivations and the averaged data from 10 subjects. ìV 2 /Hz: spectral power unit.
selective spectral power attenuation (blocking) over occipital regions in comparison with tonic-REM sleep periods (without REMs). If it was assumed that the REM periods are especially sensible to the likehood of dreaming, intensity and bizarreness of dream imagery, and to the presence of more vivid and visually active dreams [6±9], the occipital alpha blocking obtained in this study may be an electrophysiological index of the visual imagery presence during oneiric experiences in phasic-REM sleep. Hong et al. [14] demonstrated, in a longitudinal study, that EEG alpha power attenuation over central areas (Broca's area) was signi®cantly correlated with expressive language dream reports, whereas those dreams characterized by receptive language showed the highest correlation with alpha power decreasing over parietal brain regions (Wernicke's area). These authors suggested that the same neural system that is used for language during wakefulness may be used when a person speaks or hears words while dreaming. However, these results were obtained with a single subject, and phasic and tonic periods were not analyzed separately. In any case, this work provided the ®rst electrophysiological evidence of a selective alpha blocking related to dream features.
From our point of view, the REM sleep subdivision into phasic and tonic periods is much more relevant if it is assumed that the visual imagery has more vividness and is more abundant in REM periods in comparison with tonic-REM sleep. This assumption was supported not only by the results found in the present study, which re¯ected a higher occipital activation (alpha attenuation) during phasic-REM periods, but also by PET data [15] which revealed a positive correlation between the density of REMs and brain metabolic rate in the areas corresponding to the control of saccadic eye movements and midline attentional system. These results showed that the same cortical areas are involved in eye movements in both REM sleep and wakefulness, suggesting that REMs are saccadic scans of targets in the dream scene [15] .
The imagery debate is once again open. Are the same neural systems used to control mental imagery in both wakefulness and REM sleep? Are the periods with rapid oculomotor activity more predisposed to generate prominent visual imagery than tonic-REM sleep? We hypothesize that, probably, waking and REM brain states share general mechanisms to produce mental images (for example, speci®c cortical activation measured by an alpha blocking), but, on the other hand, each one of those brain states, because of the features inherent in brain activation, consciousness level, and neuromodulation, should support speci®c mechanisms that allow the brain to autogenerate mental imagery voluntarily or involuntarily. In order to specify the architecture of the visual imagery system during REM sleep, a previous delimitation of the de®ning features of human REM sleep with neuroimaging techniques (for review, see [16] ), attending to characteristics already known (for example, subdivision into tonicand phasic-REM periods), would be necessary. An example of this proposal comes from the Braun et al. [17] PET study that showed a functional dissociation between the activity in the striate (low activation) and extrastriate (high activation) visual cortices during human REM sleep. These authors suggested that extrastriate activation in this brain state might be linked to a suppression of the activity in primary regions connected to the external environment, and to the spontaneous generation of visual mental imagery characteristic of dreams.
A better and more profound understanding of the electrophysiological, neurochemical, physiological and psychological REM sleep features would provide solid cues to the understanding of how the dreaming brain creates visual imagery during this functional state.
Conclusion
On the basis of the present data it is concluded that the alpha activity attenuation could be interpreted as an electrophysiological index of cortical activation not only in visual attention and waking imagery conditions but also during phasic-REM periods where the visual imagery of the dreams has more vividness and is more abundant. It is possible that the generation of visual mental imagery during waking and REM sleep share some general mechanisms (as for example, alpha attenuation or blocking over occipital areas). However, the different features (physiological and psychological) characterizing each state, and the recent results with neuroimaging technics suggest that human REM sleep should support speci®c mechanisms to produce visual mental images.
